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Abstract: The business model of building-integrated photovoltaics (BIPV) is developing expeditiously
and BIPV will soon be recognised as a building envelope material for the entire building skins, among
other alternatives such as brick, wood, stone, metals, etc. This paper investigates the effect of climate
on the solar radiation components on building skins and BIPV materials in the northern hemisphere.
The selected cities are Stavanger in Norway, Bern in Switzerland, Rome in Italy, and Dubai in the
UAE. The study showed that for all the studied climates, the average incident radiation on the
entire building skins is slightly more than the average incident radiation on the east or west facades,
regardless of the orientations of the building facades. Furthermore, the correlation between solar
radiation components and different BIPV technologies is discussed in this paper. It is also found that
when it comes to the efficiency of different BIPV cells, the impact of the climate on some of the BIPV
technologies (such as DSC and OSC) is much more significant than others (such as c-Si, mc-Si and
CIGS). The evidence from this study suggests that in climates with higher diffuse radiation-or with
more overcast days per year-the contribution of IR radiation decreases. Therefore, the efficiency of
BIPV materials that their spectral responses are dependent on the IR radiation (like Si and CIGS) in
such a climate would drop down meaningfully. On the other hand, the DSC and OSC solar cells
could be a good option for cloudy climates since they have more stable performance, even in such a
climate. Although, their efficiency compared to other BIPV materials such as Si-based BIPV solar
cells is still significantly less thus far.
Keywords: building skin; building envelope materials; climate change; solar radiation components;
building-integrated photovoltaics (BIPV)
1. Introduction
Renewable energy technologies in urban areas have been at the forefront of research
and development due to concerns related to the environment as well as energy indepen-
dence and high fossil fuel costs. Among the options, building-integrated photovoltaics
(BIPV) has attracted increasing interest in the past decade. BIPV refers to photovoltaic
materials that are used to substitute traditional building materials in parts of the building
skins, such as the facades, roofs, or skylights, to generate clean energy from sunshine [1].
Therefore, it must play a role in the building envelope that contains at least one additional
function in addition to electricity generation. The BIPV secondary function could be as
insulation or an exterior weather barrier [2,3]. The photovoltaic cells in the BIPV system
can be ventilated with active or passive ventilation [4–8], and the system can be in the
forms of tiles, foils, modules, or glazing [9,10].
During the past ten years, much more information has become available on the
feasibility of the BIPV roof as well as BIPV on the south, east, and west façade. Along with
this growth in the valuable insights into the feasibility of the BIPV system on building skins,
however, there is an increasing concern over the feasibility of the BIPV on the untraditional
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orientations of building skins for BIPV applications. It looks that there seems to have been
an assumption in which the northern façades (in the northern hemisphere) are economically
unfeasible because the radiation there is low [11–22].
On the other hand, recent studies depict that different BIPV technologies have a
different spectral response to the incident solar radiation and its components [23–25], and
therefore the climate plays a key role in the performance of BIPV systems. However, there is
a lack of studies investigating the effect of climates with different solar radiation spectrums
and components in the literature.
Therefore, this study set out with four aims:
First, assessing the incident solar radiation components on building skins considering
different climates;
Second, analysing the solar radiation potential of the entire building skins for the BIPV
application (if BIPV is seen as a building envelope material for the entire building skin);
Third, evaluating the effect of climates on the overall efficiencies of different BIPV
technologies and materials which are currently available in the market;
Fourth, investigating the effect of building orientation on the irradiance values of the
building skins and the contribution of each solar radiation component.
The selected cities for this study are Stavanger, Bern, Rome, and Dubai.
In Section 2, a brief introduction of solar radiation and the available measuring meth-
ods, as well as the location of the case studies, are presented. The analysis of radiation on the
building skins is discussed in Section 3. A correlation analysis between climate/radiation
and climate/technology is accomplished in detail in Sections 4 and 5. A sensitivity analysis
is accomplished in Section 6 in order to see the effect of orientations on incident solar
radiation on building skins. Finally, in Section 7, the conclusion is presented.
2. Materials and Methods
In this section, solar radiation components and spectrum are discussed. Then, different
methods of incident solar radiation measurement at the earth’s surface are introduced and
reviewed thoroughly. The selected city and their climates are briefly presented as well.
2.1. Solar Radiation Components
The incident radiation to a surface on earth has three components which are direct
radiation, diffuse radiation, and reflected radiation.
• Direct radiation is also called, “beam radiation” or “direct beam radiation”. It is used
to describe solar radiation coming on a straight line from the sun, down to the surface
of the earth. For sunny days with a clear sky, most of the solar radiation is direct
radiation. On overcast days, the sun is shadowed by clouds, and the beam radiation
is zero.
• Diffuse radiation is sunlight that has been dispersed or scattered by particles and
molecules in the atmosphere and still made its way down to the surface. Diffuse
radiation is commonly referred to as sky radiation because it comes from all regions of
the sky. The amount of diffuse radiation is up to 100% of the total radiation for cloudy
skies and 10% to 20% of the total radiation for clear skies.
• Reflected radiation is the reflection of direct and diffuse radiation on the ground. This
contribution is small unless the collector is tilted at a steep angle from the horizontal,
like a building façade.
2.2. Solar Radiation Spectrum
The radiation spectrum coming from the sun to the earth is subdivided into three
main groups of ultraviolet, visible light, and infrared.
• Ultraviolet (UV) is wavelengths from 250 nm to 380 nm. UV rays are invisible to the
human eyes and may be dangerous in the case of overexposure because they damage
surfaces, colours and age materials.
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• Visible light is wavelengths from 380 nm (violet) to 740 nm (red). Visible light rays are
detectable by the human eyes and enable the sight of shapes, relief and colours.
• Short wave infrared (IR) constitutes wavelengths from 740 nm to 2500 nm. IR is
invisible and is felt as heat. It constitutes most of the sun’s energy that hits the earth.
Figure 1 shows the solar irradiance outside (Airmass equal to 0) and inside (Airmass
equal to 1.5) of the atmosphere (Standard number ASTM G-173-03). The letters T and
D stand for total and direct incident radiation. In terms of solar radiation inside of the
atmosphere and at sea level, around 3% of solar radiation on earth is UV, around 42% is
visible light, and the rest (55%) is IR.
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In this method, the incident radiation is measured by a high-quality sensor which, 
thanks to the technology, is gaining greater accuracy nowadays. There are many sensors 
available on the market for this purpose and, based on the type of measured radiation, 
they fall into two subcategories of pyranometer and pyrheliometer. Sensor measurements 
should fulfill some conditions to be useful, such as [26]: 
• Only high-quality measurement sensors should be used. 
• Measurements should be performed at a reasonable interval (at least every hour). 
• Sensors should be calibrated and cleaned regularly. 























Figure 1. The solar spectral irradiance outside and inside of the atmosphere.
2.3. Solar Radiation eas re e t et ods at the Earth’s Surface
There are three ethods to either easure or calculate the incident solar radiation on
a surface at the earth, hich are as follo s:
2.3.1. Radiation eas ri i s
In this method, t e i ci e t ra iation is measured by a high-quality sensor w ich,
thanks to the technology, is gaining greater accuracy nowadays. There are many sensors
available on the arket for this purpose and, based on the type of measured radiation,
they fall into two subcategories of pyranometer and pyrheliometer. Sensor measurements
should fulfill some conditions to be useful, such as [26]:
• Only high-quality measurement sensors should be used.
• Measurements should be performed at a reasonable interval (at least every hour).
• Sensors should be calibrated and cleaned regularly.
• Data should be available for a long period.
Currently, the number of radiation measurement stations that fulfill all these criteria
is relatively low, and the stations are often spaced far apart. Therefore, this method is not a
suitable way to measure incident solar radiation globally.
2.3.2. Satellite-Based Irradiation Data
Calculating irradiation data on a surface at the earth using satellite data has become
more and more common currently. This method mostly uses data from geostationary
meteorological satellites. In this method, the incident radiation data is available for the
whole area covered by the satellite. For instance, the METEOSAT satellites cover Europe,
Africa, and most of Asia up to 60◦ N, with a resolution of a few kilometers [27]. The satellite
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data is usually available for a long time as well. The issue with this method is that the solar
radiation at ground level must be calculated using complicated mathematical algorithms
that use satellite data as well as data on aerosols (dust, particles), atmospheric water vapor,
and ozone. Some conditions (such as snow, which can be mistaken for clouds or dust
storms, which can be challenging to detect in the satellite images) can cause the calculations
to lose accuracy. Moreover, despite the perfect accuracy of satellite-based solar radiation
data, this method also does not cover the polar area. This method has been described in
some papers [27–29]. An example of satellite-based irradiation data is PVGIS-SARAH. This
data set has been calculated by the Satellite Application Facility on Climate Monitoring
(CM SAF) and the Photovoltaic Geographical Information System (PVGIS) team with a
spatial resolution of 31 km [26].
2.3.3. Climate Reanalysis Data
Another type of solar radiation estimate is from climate reanalysis data. Reanalysis
data are calculated by employing numerical weather forecast models, re-running the
models for the past, and making corrections by the known meteorological measurements.
The output is a large number of meteorological quantities, usually including incident solar
radiation at ground level. These data sets generally have global coverage (including the
polar areas) while the satellite methods do not. However, there are certain drawbacks
associated with the use of this method such as its low spatial resolution and low accuracy,
etc. The resolution of this method usually is one value every 30km or more and the accuracy
of the incident solar radiation is not as precise as the satellite-based solar irradiance data
over the areas covered by both data sets [30]. In this study, two reanalysis-based solar
radiation data sets have been employed, which are ECMWF ERA-5 [31] and COSMO-
REA [30].
2.4. Locations
Three locations within Europe are selected to analyse the satellite-based and climate
reanalysis-based irradiation data. The radiation status of Dubai in the UAE is analysed as
well because of its climate and perfect solar energy potential compared with other locations.
Therefore, the selected cities are Stavanger in Norway, Bern in Switzerland, Rome in Italy,
and Dubai in the UAE. Table 1 shows geographical information about the locations.






Stavanger Norway 58.96 5.73 15
Bern Switzerland 46.94 7.45 542
Rome Italy 41.90 12.49 32
Dubai UAE 25.27 55.29 0
2.4.1. Stavanger
Stavanger is a city located on a peninsula on the southwest coast of Norway. Due to
the warmer temperature created by the gulf stream, the climate (warm and temperate) is
more pleasant compared to other cities at similar latitudes [32]. The city experiences an
oceanic climate with five months above 10 ◦C mean temperature and an annual average of
1428 mm of precipitation, which makes the city relatively wet. The city also has a small
continental climate influence, which creates subzero lows during winter [33].
2.4.2. Bern
Bern is the capital of Switzerland with a marine west coast climate. The climate is
mild, warm, and temperate with no dry season. The average temperature in Bern is 8.8 ◦C,
and the annual precipitation is 911 mm [34]. The city has 103.7 days of air frost, 22.3 ice
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days, 14.1 days of snowfall, 36.7 days of snow cover and the average amount of snow
measured per year is 52.6 cm for the period of 1981–2010 [32,35].
2.4.3. Rome
Rome is the capital city of Italy, with an annual average temperature of 16.7 ◦C.
According to Köppen and Geiger, its climate is classified as a Mediterranean climate with
cool, humid winters and warm, dry summers. The temperature in July averages 24.4 ◦C,
which is the warmest month of the year. In January, the average temperature is 7.7 ◦C,
which is the lowest average temperature of the whole year [32,36].
2.4.4. Dubai
Dubai is a city in the UAE with a desert climate, according to Köppen climate clas-
sification. There is almost no rainfall during the year in Dubai. The temperature there
averages 26.7 ◦C with annual precipitation of about 87 mm. The month of August has an
average temperature of 34.2 ◦C and January has an average temperature of 18.6 ◦C, they
are the warmest and coldest months of the whole year. [32,37].
3. Solar Radiation Analysis on Building Skins
In order to be able to compare the outcome of the databases, the year 2015 has been
selected, which is the most recent year that the incident radiation data for all selected
European cities are available.
Figure 2 shows the total annual radiation on one square meter of a flat roof of the
cities based on investigated databases. As can be seen from the figure, among the three
databases, the only available database for Dubai is the SARAH database. Moreover, there
is an insignificant variation between databases and, as mentioned earlier, the most accurate
database currently is the SARAH database, which is a satellite-based database. Therefore,
in order to elaborate solar radiation components on building skins of the cities, the SARAH
database is selected, and this study investigated the data belonging to this database for
more precise analysis.
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rial option for building skins among other options like brick, wood, aluminum, etc. To see 
the annual solar irradiance on the building skins, incident solar radiation on building 
skins (BS) has been introduced. The annual solar irradiance on BS is calculated by the 
average of incident radiation on different orientations of the building envelope, which 
here is south, east, west, north façade, and roof area. This parameter could be used to 
evaluate the feasibility of the BIPV as a building envelope material for building skins. 
Figure 3 depicts the annual incident solar radiation on one square meter of different 
orientations of building skins, and also BS for the selected cities as well as their compo-
nents. The data illustrates that the difference between radiation on the south façade and 
the roof in the urban area becomes more and more significant when moving from cities 
with higher latitudes to lower latitudes. The northern façade has the lowest incident radi-
ation while, in terms of Stavanger, the radiation there is significant when comparing west-
ern or eastern façade. The radiation on the eastern and western façade, which is sometimes 
also called morning and evening façade, is also quite the same for all cities. As can be 
predicted from the climate and latitude, the incident solar radiation on building skins in 
Dubai is significantly higher than in other European cities. The values of BS vary from 570 
kWh/m2 in Stavanger to 1280 kWh/m2 in Dubai. There is also a clear correlation between 
solar irradiance on the east/west façade and BS, regardless of climate. As a general con-
clusion, it can be said that the average radiation on the building skins with the defined 
configuration in this study is always a little more than the incident solar radiation on the 
































Figure 2. Annual incident solar radiation on a flat roof in the selected cities as per the databases.
The business model of BIPV is transitioning to a new business model with three
players, which are BIPV manufacturers, installers and the main contractors [2]. Therefore,
the BIPV is going towards the direction that soon it will be seen as a building envelope
material option for building skins among other options like brick, wood, aluminum, etc. To
see the annual solar irradiance on the building skins, incident solar radiation on building
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skins (BS) has been introduced. The annual solar irradiance on BS is calculated by the
average of incident radiation on different orientations of the building envelope, which here
is south, east, west, north façade, and roof area. This parameter could be used to evaluate
the feasibility of the BIPV as a building envelope material for building skins.
Figure 3 depicts the annual incident solar radiation on one square meter of different
orientations of building skins, and also BS for the selected cities as well as their components.
The data illustrates that the difference between radiation on the south façade and the roof
in the urban area becomes more and more significant when moving from cities with higher
latitudes to lower latitudes. The northern façade has the lowest incident radiation while, in
terms of Stavanger, the radiation there is significant when comparing western or eastern
façade. The radiation on the eastern and western façade, which is sometimes also called
morning and evening façade, is also quite the same for all cities. As can be predicted
from the climate and latitude, the incident solar radiation on building skins in Dubai is
significantly higher than in other European cities. The values of BS vary from 570 kWh/m2
in Stavanger to 1280 kWh/m2 in Dubai. There is also a clear correlation between solar
irradiance on the east/west façade and BS, regardless of climate. As a general conclusion, it
can be said that the average radiation on the building skins with the defined configuration
in this study is always a little more than the incident solar radiation on the east/west skin
of the building.




Figure 3. Incident solar radiation components on building skins of the cities. 
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South 751 47% 42% 11% 
East 535 39% 48% 13% 
West 513 38% 49% 13% 
North 254 6% 74% 21% 
Roof 831 40% 60% 0% 
BS 577 38% 52% 9% 
Bern 
South 1138 56% 32% 11% 
East 816 50% 38% 12% 
West 763 49% 39% 12% 
North 296 8% 71% 21% 
Roof 1334 58% 42% 0% 
BS 869 51% 40% 9% 
Rome 
South 1340 59% 29% 12% 
East 959 53% 35% 12% 
West 927 52% 36% 12% 
North 315 10% 70% 20% 
Roof 1676 65% 35% 0% 
BS 1043 56% 36% 9% 
Dubai 
South 1344 52% 32% 16% 
East 1182 51% 36% 13% 
West 1154 51% 36% 13% 
North 433 11% 67% 22% 
Roof 2311 68% 32% 0% 
 BS 1285 55% 36% 9% 
The average number of sunny hours in the cities is mentioned in Table 3 [38,39]. As 
the table shows, Stavanger has the least average annual hours of sunshine among the 
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Figure 3. Incident solar radiation components on building skins of the cities.
In order to investigate the data in more detail, the contribution of each component
together with the total radiation of each orientation is mentioned in Table 2. Except for
the north façade, the major component of radiation on building skins for Bern, Rome and
Dubai is direct radiation, which is because of the climate condition there.
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Rome
South 1340 59% 29% 12%
East 959 53% 35% 12%
West 927 52% 36% 12%
North 315 10% 70% 20%
Roof 1676 65% 35% 0%
BS 1043 56% 36% 9%
Dubai
South 1344 52% 32% 16%
East 1182 51% 36% 13%
West 1154 51% 36% 13%
North 433 11% 67% 22%
Roof 2311 68% 32% 0%
BS 1285 55% 36% 9%
The average number of sunny hours in the cities is mentioned in Table 3 [38,39]. As
the table shows, Stavanger has the least average annual hours of sunshine among the cases.
Hence, the contribution of diffuse radiation on building skins for Stavanger is significantly
higher and even more than the direct radiation in some facades. The incident radiation
on the northern façade is different from other areas of the building. As can be seen from
Table 2, the contribution of direct radiation in the northern façade is significantly low and,
instead of direct radiation, diffuse radiation plays an important role in this orientation.
Diffuse radiation constitutes around 70% of the total radiation of the northern façade.
Table 3. Average annual hours of sunshine [38,39].





By moving from higher latitudes to lower latitudes, the contribution of the south
façade is becoming less while the contribution of the roof is becoming bigger, which makes
sense when considering the location of the sun in the sky as depicted in Figure 4. Moreover,
the contributions of the morning and evening façades are around 36% no matter which
climate or latitude the building is in. The contribution of the northern façade is also around
6%, except Stavanger because of higher diffuse radiation on building skins, the incident
radiation there is around 9%.
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4. Climate and Radiation
On a sunny day, the solar spectral irradiance of different hours of a day is as shown in
Figure 5. (Standard number ASTM G-173-03).
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What is interesting in this data is that it seems what changes in daytime hours is the 
power of the wavelengths with a specific ratio or proportion. For example, it appears that 
the values of spectral irradiance at 11:00 are twice as big as the spectral irradiance at 09:00 
on every wavelength. 
A normalisation procedure would be a useful asset to evaluate the spectral charac-
teristics of the solar spectra measured at various times and climates. The spectral irradi-
ance has been normalised with respect to the intensity value measured at 560 nm at the 
same location and in the same spectrum (because environmental conditions have the least 
effect on the intensity at this wavelength). The normalised spectra during the day, during 
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Figure 5. Solar spectral irradiance of different hours of a clear day.
What is interesting in this ata is that it seems what changes in daytime hours is the
power of the wavelengths ith a specific ratio or proportion. For example, it appears that
the values of spectral irradiance at 11:00 are t ice as big as the spectral irradiance at 09:00
on every wavelength.
A normalisation procedure would be a useful asset to evaluate the spectral character-
istics of the solar spectra measured at various times and climates. The spectral irradiance
has been normalised with respect to the intensity value measured at 560 nm at the same
location and in the same spectrum (because environmental conditions have the least effect
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on the intensity at this wavelength). The normalised spectra during the day, during the
year, and for an overcast day have been presented in Figure 6 [40].
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and December; (f) irradiance spectra taken on the 5th (clear day) and 8th (overcast day) of December. [40].
The most striking result to emerge from Figure 6 is that, in a cloudy sky or on an
overcast day, a significant portion of IR radiation is absorbed by the clouds and the
normalised amounts of UV and visible light spectrum during both weather conditions is
almost the same. In other words, it could be perceived that the sky attempts to eliminate IR
radiation in overcast days while the normalised spectral irradiance of the UV and visible
light spectrum is following the same pattern.
The normalised spectral irradiance for different hours of a sunny day, regardless of
the season, is following the same patterns. It means that the effect of solar altitude on the
spectral irradiance of different wavelengths is uniform.
Interestingly, there are differences in the normalised spectral irradiance of UV and
IR radiation during a sunny day in winter and summer while the normalised spectral
irradiance of the visible light spectrum during the winter and summer is almost the same.
Therefore, the effect of the seasonal declination on the spectral irradiance of different
wavelengths is as follows: for the UV spectrum, the normalised spectral irradiance during
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a sunny day in summer is more than winter; in terms of IR radiation, the normalised
spectral irradiance during a sunny day in winter is more than in summer; finally, in
terms of the visible light spectrum, the normalised spectral irradiance is not dependent on
seasonal declination.
The relation between solar spectral irradiance and climates is interesting and important
because the intensity of solar radiation components and, more specifically, direct and
diffuse radiations, is closely linked to the climate. In overcast days or a climate with several
cloudy days, a significant portion of the incident solar radiation on building skins is diffuse
radiation (Table 2) and the sky absorbs a significant portion of IR irradiance (Figure 6f).
Therefore, it could be concluded that the contribution of the IR radiation to diffuse radiation
is less than its contribution to beam radiation on building skins.
5. Climate and Technology
The energy of each photon is inversely proportional to the wavelength of the associated
wave and the BIPV materials are ionised by photons with energies higher than their
bandgap. In other words, the BIPV materials are ionised by wavelengths lower than the
wavelength corresponding to their bandgap. Figure 7 shows the absorption wavelengths
of crystalline Silicon and Germanium as an example on the solar spectrum.
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Figure 7. The absorption wavelengths of Si and Ge.
Since Ge can absorb ost of the solar spectrum, it might lead to creating only Ge
cells. However, what is essential in BIPV aterials is their efficiency and not their ability
to absorb a wider band. Ge cells produce much more current per square centimeters than
Si cells do, but their generated voltage is much smaller. Therefore, the output power per
area unit and the efficiency of Ge would be lower than Si. Figure 8 illustrates all these
explanations by Si and Ge Current-Voltage and Power-Voltage curves.
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Figure 9. Spectral responses from a variety of BIPV cell te hnologies [41].
The dye-sensitised solar cell (DSC) and organic solar cell (OSC) are placed in the
first group. The spectral responses of this group are almost adjusted to the visible light
spectrum. It means that the efficiencies of these technologies are only correlated to the
visible light spectrum. As mentioned earlier, the contribution of the visible light spectrum
to the beam or diffuse radiation is almost the same. Therefore, it can be concluded that
the efficiencies of DSC and OSC technologies are almost constant in different climates and
radiation conditions, such as either low radiation or clear sky condition.
The second group includes Copper Indium Gallium Selenide (CIGS), monocrystalline
Silicon (c-Si), and multi-crystalline Silicon (mc-Si). Their spectral responses cover wave-
lengths less than 1200 nm, but with different efficiencies. This means that the efficiencies of
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these technologies would drop down in a climate with several overcast days due to their
significant dependency on IR radiation.
Two remaining technology, Gallium Arsenide (GaAs) and Cadmium Telluride (CdTe)
constitute the third group. These materials are sensitive to UV, visible, and IR radiation
of less than 900 nm. It means that their efficiency is neither completely dependent on the
visible light (like the first group) nor that much dependent on the IR radiation (like the
second group). The efficiency of this group will be degraded in a climate such as Stavanger
but not as much as the second group.
All in all, it can be concluded that-in terms of efficiency-the performance of the first
group would be the most stable option in different climates and radiation conditions.
Furthermore, a significant reduction in the efficiency of the second group in a climate with
a high contribution of beam radiation compared to a climate with a high contribution
of diffuse radiation is predictable. It is worth mentioning also that, in terms of climates
like the one in Dubai with several sunny days during the year, there is great potential of
gaining solar energy using technologies that are based on concentration, like concentrated
photovoltaics technology. On the other hand, for climates with several overcast sky days
like Stavanger, solar technology based on the concentration idea is not a suitable choice
because of low annual beam radiation in this climate.
6. Sensitivity Analysis of Solar Irradiance and Building Orientation
A sensitivity analysis is done for one of the case studies (Stavanger) in order to
evaluate the effect of orientations of the building facades on the quantity of BS as well
as the contribution of the solar radiation components. The building is rotated clockwise
by the angle of rotations of 10, 20, 30, 40 and 45 degrees and the result is presented in
Figure 10. The most interesting aspect of Figure 10 is that the values of BS are almost
constant, regardless of the building orientation. Since the radiation on the roof is constant
as well, it can be concluded that the total radiation on the building facades is always a
constant value that is spread between different facades with different orientations.
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Figure 10. The correlation of radiation on the building skins and the building orientation in Stavanger.
The cor elation t tribution of the sola radiation compo ents on build-
ing skins and buil i i t ti is t e sa e as the co relation of BS and the building
orientation. The contribution of solar radiation components to the BS in Stavanger is always
38%, 53% and 9% for the beam, diffuse and reflected ra iation, respectively, regardless of
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the building orientation. The results of this sensitivity analysis for Stavanger is consistent
with other case studies.
7. Conclusions
This study has gone some way towards enhancing our understanding of solar ra-
diation components on building skins with different orientations in different climates.
Although the current study is based on four case studies, the findings suggest that the
solar radiation potential of BIPV material as a building envelope material for the whole
building skins is significant (576, 869, 1043, 1284 kWh per square meters for Stavanger,
Bern, Rome, and Dubai). The BS values are slightly more than the morning and evening
façade potentials of the case study.
It is also concluded that the climate is a significant factor when it comes to the con-
tribution of incident solar radiation components on a surface. In other words, in order to
choose the suitable solar technology to produce energy from incident solar radiation, the
climate of the location needs to be studied precisely.
The evidence from this study suggests that in climates with higher diffuse radiation,
the contribution of IR radiation decreases. Therefore, the efficiency of BIPV materials that
their spectral responses are dependent on the IR radiation (like Si and CIGS) in such a
climate would drop down meaningfully. On the other hand, organic and dye-sensitised
solar cells could be a good option for a cloudy climate since they have a more stable
performance even in such a climate. Although, their efficiency compared to other BIPV
materials, such as Si-based BIPV solar cells, is still significantly less until now.
Finally, when it comes to the impact of the climate on the BIPV system, BIPV per-
formance is also very much dependent on temperature and it should also be considered
simultaneously with other factors mentioned in this study. In fact, the effect of some of the
parameters being considered in this study (spectral response vs. type of solar radiation
availability) may be of the same order of magnitude as those coming from temperature.
Soiling and snowfall are, of course, other very important issues in some of the climates
considered. These are important issues for future research and a further study with more
focus on the mentioned parameters is therefore suggested.
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Abbreviations
◦C Degree Celsius IV Current-Voltage
AM Air mass kWh Kilowatt hour
BIPV Building integrated photovoltaics LiDAR Light detection and ranging
BS Building skin mc-Si Multi-crystalline Silicon
CdTe Cadmium Telluride nm Nano meter
CIGS Copper Indium Gallium Selenide OSC Organic solar cell
CM SAF Satellite application facility on climate monitoring PVGIS Photovoltaic geographical information system
c-Si Monocrystalline Silicon PV Power-Voltage
D Direct incident radiation Si Silicon
DSC Dye-sensitized solar cell m2 Square meter
GaAs Gallium Arsenide T Total incident radiation
Ge Germanium UAE United Arab Emirates
GIS Geographic information system UV Ultraviolet Radiation
IR Short wave infrared radiation W Watt
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